Chamomile, common yarrow and immortelle ethanolic extracts were chemically analysed with respect to phenolics. Twelve phenolic acids were separated and identified by HPLC-DAD and the presence of rosmarinic acid was additionally confirmed by LC-MS. Five methods were applied for the evaluation of extracts' antioxidant properties (FRAP, DPPH, ABTS, chelating activity, Briggs-Rauscher reaction), while the antibacterial activity was tested against some of the major food-borne pathogens (Campylobacter coli, Escherichia coli, Salmonella Infantis, Bacillus cereus, Listeria monocytogenes and Staphylococcus aureus). Immortelle extract was the richest in phenolics with a dominant flavonoid fraction, while the other two extracts contained higher amount of non-flavonoids. The phenolic acid profile also varied; high concentration of rosmarinic acid was found in chamomile and common yarrow, while caffeic acid was dominant in immortelle. The best antioxidant properties were obtained for chamomile extract, while good antimicrobial activity, especially against Gram-positive bacterial species, was detected for immortelle. The obtained results could be used as a tool for chemotaxonomic classification of the investigated plants or for their potential application as natural antioxidants/antimicrobials.
According to the World Health Organization (WHO) over threequarters of the world's population relies mainly on the use of medicinal plants for their health care. From approximately 250,000 species of higher plants on Earth, research suggests that even twothirds of them have medicinal value [1a,b] . Among them, the flowering plant family Asteraceae, with over 900 genera and 14,000 species, is one of the largest. Chamomile (Matricaria recutita L.), common yarrow (Achillea millefolium L.) and immortelle (Helichrysum italicum (Roth) G. Don) are among the common Asteraceae herbs that are used as herbal tea in the traditional medicine of Mediterranean countries for treatment of different ailments and disorders and are included in major pharmacopoeias all over the world [1a,2a-c] .
The application of medicinal plants, among them plants from the Asteraceae family, in the food industry, cosmetology and pharmacology is being increasingly studied. Previous studies on these plants have been mainly confined to their essential oil, but in recent years much attention has been directed to the water-soluble components. Furthermore, a large number of studies have been conducted with the aim of investigating the presence of flavonoids (mainly glycosides of flavones) in these plants, while studies on free phenolic acids are scarce [3a-e,4a-d] . This study was designed to investigate and compare the phenolic profile, antioxidative and antibacterial activity of chamomile, common yarrow and immortelle ethanolic extracts.
As presented in Table 1 , the samples differed in their content of total phenolics (TP), as well in the content of phenolic subgroups, flavonoids (FLA) and non-flavonoids (NF). The content of TP in immortelle extract was 4.5 fold higher than in those of chamomile and common yarrow. NF were dominant in chamomile and common yarrow, which confirmed the studies of Dias et al. and Corciovă et al. on chamomile, . On the other hand, the immortelle extract was rich in FLA (5875 mg GAE/L). The significant correlation between the content of TP and FLA was confirmed (r=0.9985; p=0.0354).
In order to explore the distribution of the most representative and most common free benzoic and cinnamic acids, the investigated extracts were analysed by HPLC. Twelve phenolic acids were investigated, namely m-hydroxybenzoic, p-hydroxybenzoic, gallic, vanillic, syringic, cinnamic, o-coumaric, p-coumaric, caffeic , transferulic and rosmarinic acid; the highest number of compounds was detected in immortelle extract where only protocatechuic and rosmarinic acids were absent. The results obtained in this study are partially endorsed by other authors [2b,3a,b,5a,b] .
In common yarrow m-hydroxybenzoic acid was the most abundant (12.1 mg/L), while from the group of cinnamic acids, the dominant compound was o-coumaric acid. Wojdyło et al. reported the presence of caffeic and ferulic acid in common yarrow extract, which was not the case in our study [5b] . The reason for this could be the low yield of phenolics extracted from the plant material due to use of different solvents and techniques, and differences in the extract preparation procedure [2c] . As expected, regarding the high content of NF, the immortelle extract was the richest in phenolic acids, especially caffeic acid (156.1 mg/L).
Rosmarinic acid, an ester of caffeic acid and 3-(3,4dihydroxyphenyl)lactic acid, is one of the most abundant plant phenolics. Although the distribution of this compound in plants from other families, like Lamiaceae, is well known, there is not much information about its frequent detection in the investigated plants [6a-c] . Although the results obtained by HPLC-DAD indicate the presence of this compound in all three extracts, its high quantity and scarce data on its previous findings in these extracts, made us support our claim by LC-MS. In the case of chamomile and common yarrow extracts, the spectra confirmed the presence of rosmarinic acid ([M-H]ion at m/z 359 in negative mode and
[M+Na] + ion at m/z 383 in positive mode with a retention time of 16 min). However, despite our findings by HPLC analysis, the presence of rosmarinic acid in immortelle extract was not confirmed by LC-MS. During the last decade, many analytical methods have been developed to determine the antioxidant activity of samples, but still the general conclusion is that one method cannot fully describe their activity. Also, too many assays that have been developed for antioxidant evaluation result in inconsistent results, inappropriate application and interpretation of methods, as well as improper specification of antioxidant properties. Therefore, for the full evaluation of the antioxidant properties, a multiple method approach is necessary [6b, c,7a,b] . Depending upon the reactions involved, antioxidant methods can be generally divided into two categories: those based on hydrogen atom transfer (HAT) and those based on electron transfer (ET) reactions. HAT-based assays provide information about the ability of an antioxidant to scavenge free radicals by hydrogen atom donation to form stabile compounds, while ET-based assays detect the ability of a potential antioxidant to transfer one electron to reduce any compound. HAT and ET reactions may occur in parallel, but the dominant mechanism is determined by antioxidant structure and properties, solubility, partition coefficient, and solvent system [7a-c] .
Antioxidants act by several mechanisms and no one assay can capture the different modes of action [7a] . For that reason we have measured the antioxidant activity by employing five methods, based on the different reaction mechanisms: ferric reducing antioxidant power (FRAP), scavenging of the stabile 2,2-diphenyl-1picrylhydrazyl (DPPH) radical and 2,2'-azinobis-(3ethylbenzothiazoline-6-sulfonic acid) radical cation (ABTS), chelating of ferrous ions, and Briggs-Rauscher oscillating reaction (BR). The results are presented in Table 2 . The results for the reducing activity of the samples determined by the FRAP method confirmed the similar activity of chamomile and common yarrow extract, while the activity of immortelle was 2-fold higher (40 mM Fe 2+ ). It is well known that good reducing ability usually depends on the content of biologically active substances, which in our case were phenolic compounds, so it is not surprising that the extracts with the highest share of phenolics provided the best reducing activity. This observation has also been confirmed by other authors [5b]. To corroborate this state, we statistically analysed the correlation between TP and FRAP value (r=0.9989; p=0.0295). The NF fraction had no effect on the reducing ability of the samples, while the effect of the FLA was extremely significant (r=1.000; p=0.0059). As the FRAP assay cannot detect species that act by radical quenching (H transfer) [7a] , the DPPH and ABTS methods were employed and the obtained results were expressed as IC 50 values, or inhibitory concentration of the sample needed to reduce molecules of the radical by 50%. The presented results (Table 2) show variations between the samples with immortelle having the lowest activity using both methods.
The chelating activity of extracts was estimated using the method based on the ability of ferrozine to form complexes with ferrous ions. The results for chelating activity are also expressed as IC 50 values (CHEL IC 50 ) and they ranged from 76.0 to 553.7 mg GAE/L, with values in order: chamomile > common yarrow > immortelle. The extract of immortelle provided the lowest results, which points out the fact that quality and antioxidant effect of individual compounds (and not the content of total phenols) present in the sample is responsible for its chelating activity.
In the last method, the inhibition time of the oscillations in the BR system depends on the free-radical scavenging ability of the added antioxidant compound/mixture [6c,8b,c] . In the present study, all extracts showed activity. The chamomile extract provided the longest inhibition (31.8 minutes), and the lowest results were obtained with immortelle. This information again confirms that the quality of antioxidants from chamomile and common yarrow is higher than that of immortelle. Finally, all the obtained results once more support the fact that understanding the role of antioxidants and their activity is challenging, especially due to the lack of a validated assay that can reliably measure the total antioxidant capacity [7a,b] . The results of this study contribute to the understanding of the biological activities of chamomile, common yarrow and immortelle. The phenolic profile could be used as a tool in the chemotaxonomic classification of the investigated plants, while the antioxidant and antimicrobial properties contribute to the recent increase in research on the use of plant extracts in the food, pharmaceutical and cosmetic industries.
Experimental
General: All used reagents and solvents were obtained from Kemika (Zagreb, Croatia), Merck (Darmstadt, Germany), Oxoid, (Hampshire, UK), Sigma-Aldrich GmbH (Steinheim, Germany), Riedel-de Haen AG (Seelze, Germany) and Extrasynthese (Genay, France). Spectrophotometric measurements were performed on a UV-Vis double beam Specord 200 spectrometer (Analytik Jena GmbH, Germany) and Sunrise basic microplate reader. A Microplate Reader Safire II (Tecan, Mannedorf, Switzerland) was used for microbiological measurements. The HPLC used was composed of a Varian 330 UV/Vis diode array detector, a ternary gradient liquid Pro Star 230 pump, a model 500 heater, and Star 6.0 chromatography workstation (Varian Inc., Walnut Creek, USA). LC-MS analysis was conducted using an Agilent Technologies 1200 series HPLC system equipped with a binary pump, vacuum membrane degasser, an automated autosampler and diode array detector interfaced with a 6410 triple quadrapole mass spectrometer electrospray ionization source (ESI) (Agilent Technologies Inc., Palo Alto, CA, USA).
Plant material and sample preparation:
Dry plant material was purchased from a local herbal pharmacy. Homogenized samples (5 g) were extracted with an ethanol/water mixture (80/20, v/v) (250 mL) at 60°C for 1 h. After cooling, the samples were filtered and the residual tissue washed with solvent (3×10 mL). The extractions were performed in triplicate for each plant, and after filtration, the 3 sample extracts were combined and concentrated to 150 mL.
Total phenols and phenolic subgroups:
The total phenolic content (TP) in the samples was estimated using the Folin-Ciocalteu method [10] , and the content of non-flavonoids (NF) by the Kramling and Singleton procedure [11] . Flavonoids (FLA) were calculated as the difference between the content of TP and NF. The results for TP, NF and FLA were expressed as mg gallic acid equivalents per L of extract (mg GAE/L). The measurements were carried out in triplicate.
High-performance liquid chromatographic (HPLC) analysis:
The investigated compounds were separated on a Zorbax Eclipse XDB-C18 column (250×4.6 mm, 5 mm; maintained at 25°C, Agilent Technologies, Palo Alto, CA, USA). A gradient consisting of solvent A (acetonitrile), solvent B (water/acetic acid, 99:1, v/v) and solvent C (methanol) was applied as follows: from 1% A, 95% B, 4% C at 0 min to 5% A, 85% B, 10% C at 15 min, to 15% A, 35% B, 50% C at 45 min, to 20% A, 5% B, 75% C at 60 min, to 1% A, 95% B, 4% C at 72 min, maintaining 1% A, 95% B, 4% C for 3 min (75 min). Before injection, extracts were filtered (0.45 μm) and adequately diluted with methanol. The applied flow rate was 1.0 mL/min. The compounds were identified by comparing their retention times and absorption spectra with those acquired for the analyzed phenolic acid standards and quantified from the areas of their peaks at 280 nm using external standard calibration curves. Spiking of samples with the standards was also used to confirm the peak identity. Each sample was injected twice into the chromatographic system.
Liquid chromatography-mass spectrometric (LC-MS) analysis:
For the chromatographic separation, a Zorbax Eclipse XDB-C18 column (75×4.6 mm, 3.5 µm column, Agilent Technologies, Palo Alto, CA, USA) was used. A gradient consisting of solvent A (water/formic acid, 99:1, v/v) and solvent B (methanol/formic acid, 99:1, v/v) was applied as follows: from 90% A, 10% B at 0 min to 10% A, 90% B at 30 min maintaining 10% A, 90% B for 4 min, 90% A, 10% B at 34 min maintaining 90% A, 10% B for 3 min (37 min). The UV-absorption was monitored at 280 nm. The flow rate was 0.5 mL/min, and the injected volume 10 µL. The desolvation gas temperature was 300ºC with a flow rate of 8.0 L/min and a nebulizer pressure of 30 psi. The fragmentor voltage was 135 V and capillary voltage 4000 V. All data acquisition and processing were performed using Agilent MassHunter software.
Antioxidant properties:
The reducing ability of extracts was measured as ferric reducing/antioxidant power (FRAP) [12a] . A standard curve was prepared using different concentrations of Fe 2+ and the results are expressed in millimoles of Fe 2+ per L of extract (mM Fe 2+ /L). Free radical scavenging ability was determined using the 2,2-diphenyl-1-picrylhydrazyl radical (DPPH) according to the procedure reported by Katalinić et al. [8a] , and using the 2,2'azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) radical cation (ABTS) according to the procedure reported by Re et al. [12b] . The results are expressed as inhibitory concentrations (IC 50 ), in mg of GAE per L of extract needed to reduce the radical by 50%. The chelating activity of the sample was estimated using the colorimetric ferrozine-based assay described by Yen et al. [12c] . The concentration of the extracts (in mg GAE/L) that is effective in the chelation of metal ions (ferrous) by 50% (CHEL IC 50 ) was calculated from the dose-response curve plotted between % of chelating activity and concentration. The ability of extracts to scavenge hydroperoxyl radicals (HOO•) generated in the Briggs-Rauscher system was estimated by the method described in our recently published papers [8a,12d] . The extracts were diluted to a total phenol concentration of 100 mg GAE/L, and the results are expressed as the inhibition time (in min).
Mekinić et al. For inoculum preparation all bacteria were incubated for 20 h in MHB. For antibacterial assays 1 mL of each inoculum was appropriately diluted with MHB to ca. 10 5 -10 6 colony-forming units (CFU)/mL. The antimicrobial activity was estimated by the determination of the minimum inhibitory concentration (MIC) using a broth microdilution method originally described by Klančnik et al.
[12e]. The MIC (in mg GAE per mL of growth medium) was the lowest concentration where no metabolic activity was observed. The presented MICs were endorsed by 3 measurements.
Statistical analysis:
All data were expressed as mean values ± standard deviations (SDs). Statistical analysis (Pearson productmoment correlation analysis) was performed using GraphPad InStat3 (GraphPad Software, San Diego, USA). Differences at p<0.05 were considered to be statistically significant.
